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Together to the next frontier

As emerging players jostle old ambitions, Nigel Lockyer calls for the next
generation of particle- physics projects to be coordinated on a global scale.

his year was a watershed for particle
T physics. The decades-long quest to
discover the Higgs boson is essen-
tially complete. Still abuzz after a Nobel prize
for the Higgs prediction, the particle-physics
community is feeling satisfied. It is time to
pause, reflect and consider what comes next.
The Higgsbosonis the last puzzle piece in
the standard model of particle physics, but
the model does not explain some fundamen-
tal aspects of our Universe. From the neu-
trino’s very small mass to dark matterand
dark energy, we know there is more going
on. But where might the next clue lurk?
origin of their tiny ©
the early Universe. Fel
US proposal to build a long nj
experiment, running 1,300 kilomet
Fermilab to the Homestake mine in So
Dakota. An ambitious 35-kilotonne liquid

Wereally don’t know. Each physicist has
his or her own opinion, and countries and
regions are preparing to explore different
strategies to identify the territories ripest
for exploration. What we do know is that the
next generation of particle accelerators will
be expensive. And requests for government
funding will run up against fiscal constraint

around the globe.
DOMNATURECOM As the incoming
SeeNatwesspecial  director of the Fermi
issue on the Large National Accel-
Hadron Collider: erator Laboratory
nature.com/lho (Fermilab)in Batavia,

upin the 2030s.

And the United States still
to host a high-energy {
er turning off the

Tllinois, I have spent the past six months in
discussions about the future of US particle
physics. But particle physics isan interna-
tional pursuit, with projectsin and partici-
pants from many different countries. The
United States is well positioned to take the
lead in some areas, such as neutrino phys-
ics, but the global landscape is uncertain.
Resources need to be pooled, and new
players are emerging. Ching’s and Indid’s
talent, infrastructure and ambitions must
now be factored into the global equation.
We are at a critical moment for the
field Each country and major project »
Fermilab and the High Energy Accelerator
Research Organization (KEK) in Tsukuba,
Japan: these are the only places where large
particle-physics projects are currently fea-
sible. Demands from emerging economies
such as China to host other projects will

2010 BB B 2 % T Ao

argon detector located nearly 1,500 metres I[fChinadoes  Fermilab’s Tevatron challenge the long-term plans of the exist-
“ below the surface emerged as the preferred jump ahead accelerator in 2011 ing leaders. Scientists in the United States
project when the US community met in it will chan ge and failing to realize and Europe will have to find out how best to
Minnesota for a ten-day planning sympo- the landscape  the Superconducting use international competition asa spur for
sium in July. It would help us to understand of science.” Super Collider in the advancing projects on their own soil while

B 41 ¥F 2 Bk 2 2% S5 AR AR HRE A PP
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neutrino masses and whether these parti-
cles contribute to the matter-antimatter

1990s. Perhaps the

asymmetry of the Universe.

With the total construction budget near-
ing $1 billion, the experiment will require
international partners — a new approach
for US domestic science. The US Depart-
ment of Energy’s Office of Science has indi-
cated that it would support such a major
proposal if there was involvement from

anotner Nas Neutrinos travelling across
Japan. But the world can afford only one.
Japan is perhaps the stiffest competitor,
withleading programmes in neutrino phys-
ics, a bottom-quark (‘b-quark’) factory and
kaon and muon experiments. The country

high gy baton could be passed back to
the United States. Fermilab is stilla world
leader in high-field magnets for proton
accelerators, which would be necessary for
any 100-TeV proton-proton collider.

To add to the suspense, there is the
changing role of China. Historically a
small player in particle physics, it last
year stepped onto the world stage with

Symmetry culferences between NeUIrinos
and antineutrinos might be observable
in along-baseline experiment, telling us
about matter and antimatter imbalances
in the early Universe. Emboldened, might
the Chinese leapfrog the world by hosting

168 | NATURE | VOL 504 | 19/26 DECEMBER 2013

still being good international partners. This
may become tricky.

Higgs bosons are not export-controlled,
nor are pictures of deep space from advanced
telescopes. But the technologies developed,
often through international collaborations,
may have dual use — for defence applica-
tions or for economic gains, for example, as
well as forbasic science. Countries will have
to decide how to oversee and exploit these

unaerstand NOw tne UnIverse Works. m

Nigel Lockyer is director of the Fermi
National Accelerator Laboratory in Batavia,
Tllinois.

e-mail: lockyer@fnal.gov
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ICFA supports studies of energy frontier circular colliders and
encourages global coordination

20144F7 B BIICFAS W IR -

... ICFA continues to encourage international studies of
circular colliders, with an ultimate goal of proton-proton
collisions at energies much higher than those of the LHC.
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@\ Goal: CDR (including cost estimate) by end 2018

o (in time for next European Strategy)

International conceptual design study:

U pp collider (FCC-hh): ultimate goal
- defines infrastructure requirements;

~ 100 km ring; 16 T magnets
Vs ~ 100 TeV, L~2x1035; 4 IP, ~20 ab-'/expt

U e*e collider (FCC-ee): possible first step &‘ ?:n;*?ﬂ':::
Vs = 90-350 GeV, L~70-1.3 x 10%; 2 IP ‘\

O pe collider (FCC-he): option Vay, -
Vs ~ 3.5 TeV, L~103% ‘alaz

Also part of the study: HE-LHC: ~16 T dipoles in LHC tunnel = Vs ~ 30 TeV

1 FCC(ee, hh) CDR Goals

QO Strong physics case if new physics from LHC/HL-LHC

Q Powerful demonstration of the FCC-hh magnet technology Fabi0|a Gianotti
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CEPC

Pre-CDR studyR&D and preparation work
Pre-study: 2013-15 > Pre-CDR by the end of 2014
R&D: 2016-2020
Engineering Design: 2015-2020

Construction: 2021 - 2027

Data taking: 2030 — 2036

SppC
Pre-study, R&D and preparation work
Pre-study: 2013-2020
R&D: 2020-2030
Engineering Design: 2030-2035
Construction: 2036-2042

Data taking: 2042 -
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CEPC+SppC Kick off Meeting, Sept. 13-14,2013, Beijing
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CEPCEFrmInIZRE (IAC)

Sep.
No. Name 16Fi Email Field Institution Country
17
. . UC Santa
1 David Gross Yes gross@kitp.ucsb.edu Theory Barbara USA
2 | Luciano Maiani yes luciano.maiani@romal.infn.it Theory | U. Rome Italy
mlac:gealir;gelo No michelangelo.mangano@cern.ch | Theory | CERN CERN
Joe Lykken yes lykken@fnal.gov Theory | Fermilab USA
5 Henry Tye yes jastye@ust.hk Theory | IAS, HKUST Eg:gg
6 Hitoshi Murayama No hitoshi.murayama@ipmu.jp Theory LPeh:Ikl:{;JyC Japan
Rohini Godbole No rohini@cts.iisc.ernet.in Theory CHEP, India
Bangalore
Katsunobu Oide Yes oidel@icloud.com Accel. KEK Japan
Steinar Stapnes Yes Steinar.Stapnes@cern.ch Accel. | CERN Norway
10 | John Seeman Yes seeman@slac.stanford.edu Accel. | SLAC USA
11 | Eugene Levichev Yes E.B.Levichev@inp.nsk.su Accel. BINP Russia
12 | Robert Palmer Yes palmer@bnl.gov Accel. BNL USA
13 | Hesheng Chen Yes chenhs@ihep.ac.cn Exp. IHEP China
14 | Eckhard Elsen No Eckhard.Elsen@desy.de Exp. DESY Germany
15 | Peter Jenni No Peter.Jenni@cern.ch Exp. CERN CERN
16 | Harry Weerts Yes weerts@anl.gov Exp. ANL USA
17 | Young-Kee Kim yes ykkim@hep.uchicago.edu Exp. U. Chicago USA
18 | lan Shipsey No shipsey@physics.ox.ac.uk Exp. Oxford UK
19 | Michael Davier Yes davier@lal.in2p3.fr Exp. LAL France
20 Geoffrey Tayler Yes gntaylor@unimelb.edu.au Exp. &elbourne Australia
21 | George Hou Yes wshou@phys.ntu.edu.tw Exp. Taiwan U. Taiwan
22 | Lucie Linssen Yes Lucie.Linssen@cern.ch Exp. CERN UK
23 | Barry Barish Yes barish@ligo.caltech.edu Exp. Caltech USA
- Brian Foster Yes Brian.Foster@desy.de Exp. 35%{3@ Germany

formed in summer 2015,
first meeting Sept. 16-17

IAC chaired by Prof. Young-Kee Kim

v' Great committee members

v Countries and regions well
represented

v Full range of expertizes

17



CEPC Organization IAC

The CEPC International Advisory Committee

The Circular Electron Positron Collider (CEPC) Study Group, currently hosted by the Institute
of High Energy Physics, Chinese Academy of Sciences, has completed a preliminary Conceptual
Design Report and has applied for R&D funding to the Chinese government. The CEPC Study
Group is now trying to expand its overall scope and composition, and will move towards the
R&D phase.

September 8, 2015

Charge

The underlying assumption is that the CEPC R&D will be funded for the next five years, and the
group will embark on the CDR and TDR process during the period in a global effort. Through this
period the most critical accelerator and detector designs and key technologies will be worked
out and demonstrated, paving the way for the eventual construction of the CEPC facilities after
the completion of the R&D phase.

CEPC will be an international project. International community shall be involved even at this

initial phase to develop the strategy and the roadmap, and to determine the choice of the

science to be focused on, the technologies to adopt and the approach to handle geopolitical

issues. The CEPC International Advisory Committee shall advise on all related matters for the

CEPC project, specifically on the following aspects:

i ol o o

7.

What should be the strategy for CEPC to go global in the design and the R&D effort?

How should an internationalized CEPC be organized and governed?

How should the CEPC collaborate with other efforts such as the ILC and the FCC?

What are the right phased approaches for the realization of the CEPC?

How can the cost be shared among the nations? How do we handle the diplomacy and
politics issues?

How through global efforts can the CEPC accelerator and detector achieve a great

design that can be realized at a reasonable cost and within a reasonable construction
period?

How can we build a world class CEPC laboratory in China for the world's particle physics:

The committee is invited to give suggestions or advice on any aspect of CEPC beyond those

specifically included in this charge. 18
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IHEP-CEPC-DR-2015-01 IHEP-CEPC-DR-2015-01

IHEP-EP-2015-01
IHEP-TH-2015-01

CEPC-SPPC CEPC-SPPC

Preliminary Conceptual Design Report Preliminary Conceptual Design Report

Volume I - Physics & Detector Volume Il - Accelerator

VIS — RS2 EbR. IESEAERISE ., ]
SBHURIAE . BRI AIRRE KB % i

http://cepc.ihep.ac.cn/preCDR/volume.html

The CEPC-SPPC Study Group The CEPC-SPPC Study Group

March 2015 March 2015

IHEP-AC-2015-01
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Single ring
DA optimization
Collective instabilities
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CEPC Partial Double Ring Layout

1/2RF : 1/2RF
j ; ;
| IP1_ee | |
' : !
< i >
3.2Km
1/2RF 5 1/2RF
|| = Papp | [ip2pp Fafed s
1/2RF § 112RF
IP1_ee/IP3_ee, 3.2Km C=59644m
IP2 pp/1P4_pp, 1132.8m :
4 Short Straights, 141.6m
4 Medium Straights, 566.4m |P3;_ee
4 Long Straights, 849.6m
2 Short ARC, 24*FODO, 1132.8m 1/2RF 1/2RF
4 Medium ARC, 112*FODO, 5286.4m g SU Feng

4 Long ARC, 124*FODO, 5852.8m 2016.1.4



CEPC Partial Double Ring Layout

12 B2
62.5urad

For CEPC 120GeV beam: Version 1.0
»Max. deflection per separator is 66urad. sufeng
Using Septum Dipole after separator to acquire 15 mrad 2015.12.20



Main parameter for CEPC partial double ring

Pre-CDR H-high lumi. | H-low power w V4
Number of IPs 2 2 2 2 2
Energy (GeV) 120 120 120 80 45.5
Circumference (km) 54 54 54 54 54
SR loss/turn (GeV) 3.1 2.96 2.96 0.59 0.062
Half crossing angle (mrad) 0 15 15 15 15
Piwinski angle 0 2.5 2.6 5 7.6
N /bunch (10'") 3.79 2.85 2.67 0.74 0.46
Bunch number 50 67 44 400 1100
Beam current (mA) 16.6 16.9 10.5 26.2 45.4
SR power /beam (MW) 51.7 50 31.2 15.6 2.8
Bending radius (km) 6.1 6.2 6.2 6.1 6.1
Momentum compaction (10-3) 34 2.5 2.2 2.4 3.5
], x/y (m) 0.8/0.0012 0.25/0.00136 0.268 /0.00124 0.1/0.001 0.1/0.001
Emittance x/y (nm) 6.12/0.018 2.45/0.0074 2.06 /0.0062 1.02/0.003 0.62/0.0028
Transverse [¥],, (um) 69.97/0.15 24.8/0.1 23.5/0.088 10.1/0.056 7.9/0.053
[w] /1P 0.118 0.03 0.032 0.008 0.006
[v] /1P 0.083 0.11 0.11 0.074 0.073
Vor (GV) 6.87 3.62 3.53 0.81 0.12
f o (MHZ) 650 650 650 650 650
Nature [¥]. (mm) 2.14 3.1 3.0 3.25 3.9
Total [¥]. (mm) 2.65 4.1 4.0 3.35 4.0
HOM power/cavity (kw) 3.6 2.2 1.3 0.99 0.99
Energy spread (%) 0.13 0.13 0.13 0.09 0.05
Energy acceptance (%) 2 2 2
Energy acceptance by RF (%) 6 2.2 2.1 1.7 1.1
Nz 0.23 0.47 0.47 0.3 0.24
Life time due to 47 36 32
beamstrahlung cal (minute)
F (hour glass) 0.68 0.82 0.81 0.92 0.95
L, /IP (103cm=s!) 2.04 2.96 2.01 3.09 3.09




Single ring with pretzel orbit

» Designed for 50 bunches/beam, every 4pi phase advance has
one collision point
» Horizontal separation is adopted to avoid big coupling
» No off-center orbit in RF section to avoid beam instability and
HOM in the cavity
» One pair of electrostatic separators for each arc
IP
s
—r )
§>/<\H ?\}‘- W‘H\x 1/8 of the ring _
) g : +0 5 ) ]
K/;c./- ' \g/\(
X ¥ | 3, SEP1 SEP2
;ﬁ | {\: 2n T R
o IS R ) 2 22,
TR | \%’\IE
b 5
b4 a 1P
.- ;J}Yﬁ
&Q + T 15t parasitic 12th parasitic
Yagq TR0 crossing point crossing point




DA optimization with MODE

(a self developed multi-objective code)

CEPC: Dynamic Aperture Optimization with
240 sextupoles in ARC (v1-IR)

25

25 1 ! T T T
PhaseX->0,PhaseY->( e
X->Pi/2,PhaseY->Pi/2 ==

PhaseX->0,PhaseY->0 s
PhaseX->Pi/2 PhaseY->Pi/2 =t

20 ¢ 2 -

15+ 1 15 I
10 ¢ - 10}

5 :

0 A | A | A A A A A A
-0.02 -0.015 -0.01 -0.005 0 0005 0.01 0.015 0.0

002 -0.015 -0.01 -0.005 0 0005 0.01 0015 0.02
(N bp



« CEPC ring wake and impedance budget

R [kQ]
Resistive wall 6.1
RF cavities (N=384) 14.9
Total 21.0

T
-~
\N
-
.
N
)
S
-
"
e
”

wake, V/pC

Z, mm

Longitudinal wake at nominal bunch length (o.=4.1mm)

Contributions

L [nH] Koss [V/PC] 1Z,//n | o [L2]
1564.7 146.8 0.017
-132.7 307.5 0.005

22.0 454.3 0.022

w, =wy(p+u+mv,)

h, (@) = (w0, )" ™

i Zu(wp)h (@)
(ﬁ) _ m P
N ) o
oo

W(s)=—-RcA(s)— Lc*A'(s)
Kipws = [ dsW($)A(s)
r—_ @y
Y b, (@,)
The loss factor is dominated by the RF cavities.
More complete impedance budget is needed.



Magnetic field measurement in BEPCII tunnel

@ 1.6 ~ 2 Gauss magnetic field is found at all places far from
accelerator magnets in the BEPCII tunnel;

@ This indicates that power cabling is one of major sources of
the background field;

@ Careful design of cabling system is proposed.



CEPC Injector Layout

4GeV ot
10nC on
Conyerter
Target
Polarized Electron Gun ®0
®-- ' 6 GeV
02GeV\ 1GeV 2 GOV 3.2nC E-
@@=
Gun 6 GeV
3.6 nC for e- 3.2nCE?
11 nC for et

[
o
Positron
damping ring

> INARIEFE
> Booster#i% A 1300MHz

> H.28 INE 28 A% 175 2856.75MHz
Hrh, 2856.75MHz=3.25MHz X 879,
1300MHz=3.25MHz X 400MHz




Electron linac Lattice

Solenoid S-Band
E E E @ E Buncher Solenoid
Gun 1 g‘;'*”.*"
——————->{—{SHB 1—SHB 2 — |
Gun 2 s

XX XXX X KX

to 32.95000
and x2=y2=

»Bunching System
»SHB1:142.8375 MHz
SSHB: 57135 Mz R N B o " AVA
» S-band Buncher (1): 2856.75 MHz

» First accelerating structure

»S-band accelerator (3): 2856.75 MHz ~ 24 MV/m

Z (cm)
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Total Design
Drawing

Start
Manufacturing
Test

eramic Order
Gun Desﬁgn TCopper Block
Coil/Socket

Collector Design

Auto Inventor

manufacturing Baking

Gun test

Year 2015 2016 2017

Month 11] 12 1 2| 3] 4 5] 6] 7| 8l 9] 10] 11] 12] 1] 2|
Cathode Cathode Order

Ceramic

Klystron Design Classical Design , Comparison

2nd similation /Output cavity ,,,’/””’/’/;

Window Design

Window design/Drawing
manufacturing Testing

3.56 kV/imm
on M.Anode

UL GENES

VR il S A% P
BRI 98
[SH AR HL A 2 5

AP L AL o P ) L

3.90kVimm  V_ =-81.5kV
Va=-47.5kV

irrent density on cathode (A/mm**2
0.006
0,005

-81.5kV
-47.5kV

0.64 ml/V 3
3.9MV/m

0.004
0.003
0.002
0.001

0.45A/cm?
1.24

3010015 20 25 3 3
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Collider Booster el 7

Modules / section 12 4 1.3 Ghz Gaviy n Holum Vesse E/ oo Ia:ge

Module length (m) 10 12 Sy 3

Cavities / module 4 8 ,_‘fﬂ

Cavities / section 48 32 g

Total modules 96 32 T

Total cavities 384 256 e 3
Collider: 650 MHz cavity | 3
Booster: 1.3 GHz cavity Total RF length: 1.4 km /
Total cavities: 640 Total RF voltage: 12 GeV L
Total modules: 128 Beam power: 104.5 MW —

HOM power: 2 MW



Baseline Parameters and Challenges

Cavity Type 6?0 MHz 5-cell 1.'3 GHz 9-cell 352 MHz 4-cell Nb/
Nitrogen-doped Nb Nitrogen-doped Nb  Cu sputtered

V.., / Ve 17.9 MV / 6.87 GeV 20MV/5.12GeV 12 MV /3.46 GeV

E,.. (MV/m) 15.5 19.3 6~7.5

Q, 4E10 @ 2K 2E10 @ 2K 3.2E+9 @ 4.2K

Cryomodule number 96 (4 cav. / module) 32 (8 cav. / module) 72 (4 cav./ module)

?kFVS;’”p'er power / cav. 280 c.w. 20 125

RF source number 192 (800 kW / 2 cav.) 256 (25 kW / cav.) 36 (1.2 MW / 8 cav.)

HOM power / cav. (kW) 3.5 0.005 0.3

HOM damper iofaeiir?:éw@z;vRe?uide@ZK S-OcueF;!aer;i@cﬂ(;KSOK coaxial coupler
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* Need effective damping of the 3.5 kW HOM power per cavity with
coaxial coupler or waveguide. Design and simulation ongoing.

theoretical result

theoretical result

.
...’ 10° 3 A two waveguide simulate result 10" = two waveguide simulate result
... . ®  three waveguide simulate result 10" 4 three waveguide simulate result
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Nitrogen—Doping for high Q, cavity

Heating to 800° | ‘ Maintain 10min . N-doping 10min

(7min) (7.5E-4 Pa) — (2.6 Pa)

]

Cool down V. ‘ Maintain 5min
(311° ) | (8.5E-4 Pa)
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CEPC Detector — Vertex Detector e el

e Assilicon pixel detector R&D for HEPS is
approaching the final step:

— Pixel size: 150#mx150um, a single chip with 104x72 array,
with a size of 1.7cmx1.1cm

El 10

o A = » The final module of 4.5cmx3.6¢m, with 2x4 ASICs
: I“ . : — A hybrid detector working in single-photon counting mode,
i % 20bit pixel counting-depth, readout by frame refreshing
1 N. .+ Verified performance:
‘ - - E — Energy range: 6keV~19.5keV, Energy linearity: 2%
I - expertize, design team & facility

o ® ko e . /pixel
»
A panoramic view of a diffrac }\, C E P C’f‘[/%‘ %.
Beam Light Spot A slit
- 10 g

20 10 50 20 40 60

Diffraction Ring of a X-ray Imaging at X-ray tube: a laser carved2amodule;
the tail of a fish

A full-size tech-trial module under wire-bonding Sample
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SPPC is the second phase of the
project, differing by 10-15 years Lss1

(Collimtion/IP ee)

Use the same CEPC tunnel to build \
SPPC, exploring new physics beyond 1558 / e

@aP-ep)
SM .
SPPC
e
Maximize the beam energy to 70-100
TeV range by using 20-T SC magnets o |
(or 16 T for a larger ring) wopp) || Lss3

@aP-pp)

Injector Cham

Keep the e-rings when adding the »
SPPC (not the detectors) ’ [e A

CEPC /
Collisions possible: pp, ep, eA, AA LSS6 \= / L ssa
Build a new injector chain for SPPC - AR
(proton and ions) (Extraction/IP ce)

Independent physics programs for
the accelerators of the injector chain



SPPC main parameters

Circumference

C.M. energy

Dipole field

Injection energy
Number of IPs

Peak luminosity per IP
Beta function at collision
Circulating beam current
Bunch separation

Bunch population

SR heat load (@arc dipole (per aperture)

54.36
70.6
20
2.1
2
1.2E+35
0.75
1.0
25
2.0E+11
56.9

km

TeV
T

TeV

cm—2s!
m
A

ns

W/m



Main features on accelerator physics

Very high luminosity: 1.2{¥]103> cm=s!
e High efficiency in experiments
* High integrated luminosity by leveling (synchrotron radiation)
Very high synchrotron radiation power: 56 W/m @dipole
Resulting challenges in both accelerator physics and technology

Very sophisticated beam collimation system /abort
system (6.6 GJ per beam; inefficiency: 10°)

Challenges in collider lattice design

Insertion lattice (IP, collimation, extraction, injection)
Compatible with the CEPC rings

Very complicated injector chain accelerators
Four stages, high-power beams, multiple operation modes



Key technical challenges and R&D requirements
— High field SC magnets

SC dipoles of 20 T are key both in technical challenges and
machine cost

— 2/3 ring circumference

— NbySn (15T) +HTS (5T) or pure HTS

— Twin-aperture: save space and cost
— Common coils or Cosine-theta type

— Open mid-plane structure to solve SR
problem?

— SCquads: less number but also difficult pipes: 2 * ®50

* Domestic and intern. collaboration  Loadline ratio: ~80%
. Yoke diameter: 800 mm
very important

1.9K



Beam screen and vacuum

Beam screen: key issue to solve the problem with very high
synchrotron radiation power inside cryogenic vacuum.

Need to develop an effective structure and working temperature to
guide out the high heat load when minimizing SEY, heat leakage to
cold mass, impedance in the fast ramping field, vacuum instability
etc.

Both design and R&D efforts needed to solve this critical problem.

New ideas emerge out, SPPC is also investigating feasible
structures and coating methods (e.g. YBCO coating)

Thermal
copper strips

L: FCC ideas
R: study at SPPC



R&D plan of the 20-T magnet technology

(2015-2020)

High field magnet design study: coil configuration, field quality, stress
management;...

Cos-theta dipole Common coil dipole

Block type dipole

Courtesy Q.J. Xu



20-T magnet working group in China

NIN (Northwest Institute for Non-ferrous Metal Research) & WST (Western
Superconducting Tech. Co.)

NIN: Advanced Bi-2212 R&D. Significant progress in past several years.
WST: Qualified Nb,Sn supplier for ITER. High J. Nb;Sn R&D.
Shanghai JiaoTong U.& SST (Shanghai Superconductor Tech. Co.)
YBCO R&D and production. Significant progress in past several years.
Tsinghua U. & Innost (Innova Superconductor Tech. Co.)

10+ years R&D and production of Bi-2223. Modification of production lines for
Bi-2212 is under discussion.

CHMFL (High Magnetic Field Laboratory of the Chinese Academy of Sciences)
Nb,Sn CICC conductor & high field solenoids; advanced insulation materials;...
IHEP (Institute of High Energy Physics, Chinese Academy of Sciences)

Accelerator Center Magnet Group: 30+ years R&D and production of
conventional accelerator magnets.

Superconducting Magnet Engineering Center: 10+ years R&D and production
of superconducting solenoids for particle detectors and industries.

More collaborations are needed!
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